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Introduction

The transformation of energy supply toward sustainable and efficient systems is
creating new requirements for the technical infrastructure of buildings and supply
networks. In particular, district heating and local heating networks play a central role
in the decarbonization of the heating sector.

However, as these systems become more widespread, the demands on planning, in-
stallation, and operation of the components used are also increasing.

A central and often underestimated area is the distribution infrastructure itself —
particularly the piping systems through which heat and water are transported.

In addition to traditional requirements such as:

= mechanical strength

= temperature resistance

= pressure stability

additional aspects are becoming increasingly important:

= minimization of heat losses

= control of material and diffusion properties

= reduction of system complexity

This whitepaper examines:

technical background of energy losses in pipe systems

systemic challenges in infrastructure planning

relevant material and design aspects

possible technical solutions for integrated piping systems
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1. Requirements for Modern Heating Networks

Modern heat distribution networks must meet a wide range of technical and economic requirements.
These include in particular:

= high energy efficiency over long transport distances

» adaptability to variable load profiles

= integration of different energy sources

= ensuring long-term operational reliability

In addition, decentralized supply structures and hybrid systems are becoming increasingly important.
These developments lead to more complex network architectures and increase the demands placed on

piping systems.

2. Heat Losses in Pipe Systems

A key factor influencing the efficiency of heating networks is thermal losses along the pipeline routes.
These primarily occur due to:

= heat conduction through insulation

= temperature differences between medium and environment

= long pipeline routes

The thermal conductivity (1) of the insulation material is a key parameter.

Modern PUR insulation systems achieve values in the range of:

A = 0.0199 W/mK (at 50 °C)

Relationship between thermal conductivity (1) and relative heat losses in pipe insulation systems. Lower

A-values lead to significantly reduced energy losses along the distribution infrastructure.

3. Material Properties and Diffusion

Many plastics used in piping systems, particularly cross-linked polyethylene pipes (PE-Xa), exhibit a
certain degree of diffusion permeability.

In particular, two aspects are relevant:

= oxygen diffusion into the heat transfer medium

= water vapor diffusion into the insulation layer
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The ingress of oxygen can lead to the following effects in metallic system components:

= corrosion of metallic components

= formation of deposits

= impairment of heat transfer

» reduced service life of the system

In addition, water vapor diffusion is also an important factor affecting the long-term performance of
pre-insulated piping systems. Penetrating moisture can negatively affect insulation performance and
may lead to increased heat losses over time.

Controlling diffusion processes is therefore an essential element of modern piping system concepts.
Technical solution approaches include, among others:

= integrated diffusion barriers

» for example, aluminum layers

For example, aluminum barrier layers can help to effectively reduce diffusion processes and support

the long-term thermal performance of the overall system.

4. Pressure and Operational Requirements
Pipe systems in heat distribution networks are exposed to various mechanical and thermal loads,
including:

= operating pressures

» temperature fluctuations

» dynamic load conditions

» geodetic height differences

Typical requirements include:

= pressure ratings up to PN10 (10 bar)

= optimized wall thicknesses, e.g., SDR 11

These parameters are crucial for:

= structural integrity

= long-term operational reliability

= dependable network operation
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5. Systemic Challenges in Infrastructure
In practice, heating and potable water systems are often planned and installed separately.
This results in:

= parallel piping systems

= increased material usage

= more complex installation processes

= additional interfaces

Further challenges arise in:

= planning and dimensioning

= |ogistics and storage

= coordination between different trades

Increasing system complexity directly impacts costs, susceptibility to errors, and overall efficiency.

6. Integrated Pipe Systems as a Technical Approach

One approach to reducing infrastructural and logistical complexity is the use of standardized pipe sys-
tem technologies for different applications within modern heating and utility networks. For example, the
following applications can be implemented using comparable pipe system platforms and system com-
ponents:

= heat distribution

= potable water supply

= other building service applications

while always maintaining separate hydraulic circuits. This can reduce the number of different pipe sys-
tem types required within a project.

Potential advantages include:

» reduced number of system components

= lower installation effort

= minimized interfaces

= more efficient use of existing routes and corridors

= reduction of logistical complexity

In addition, multi-pipe systems allow the integration of several service lines within a shared casing sys-
tem, while the individual media remain technically and hygienically separated.

This enables modern heating and utility solutions to be implemented efficiently and space-savingly

without compromising operational safety, drinking water hygiene, or system separation requirements.
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7. Pre-Insulated and Flexible Pipe Systems
Pre-insulated pipe systems combine multiple functional layers:
= service pipe

» thermal insulation

= protective jacket

This design enables:

» reduced heat losses

= high installation flexibility

= fewer connection points

» faster installation

Additionally, multi-pipe systems can be used, integrating multiple media pipes within a single casing.
Typical configurations include:

» systems with one inner pipe

= systems with two inner pipes

= systems with multiple parallel pipes

These allow application-specific adaptation to different requirements.

8. Application Scenarios
The described technical approaches are particularly relevant in the following areas:

8.1 District and Area Supply

supply of multiple buildings via central energy sources

combination of heating and potable water systems

optimized use of infrastructure space
8.2 Building Interconnection

= connection of individual buildings within a site

flexible adaptation to different load requirements
» reduced installation complexity

8.3 Retrofit of Existing Networks

= replacement of inefficient legacy pipelines

reduction of heat losses

minimized construction intervention

8.4 Decentralized and Hybrid Energy Systems

integration of renewable energy sources

variable operating conditions

dynamic temperature and load profiles
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9. Relevance for Planning and Operation

For planners, engineers, and operators, this results in the following:

= Pipe systems should not only be considered in terms of individual components, but as part of an
integrated overall system.

A systemic approach enables:

= reduction of energy losses

= increased operational reliability

= simplified planning and installation

» improved overall economic evaluation

Integrated and pre-insulated pipe system solutions can contribute by combining multiple functions

within a technically optimized system architecture.

10. Conclusion

The requirements for modern heating and supply networks continue to evolve.
While mechanical and thermal properties were previously the main focus, additional aspects are now
gaining importance:

= minimization of energy losses

= control of material and diffusion properties

» reduction of system complexity

A combination of:

= high-performance insulation

= suitable material properties

= integrated system approaches

can significantly improve the efficiency and sustainability of modern infrastructure.

Sources

1. EN 15632 - Flexible pre-insulated pipe systems for district heating

2. Technical literature on thermal conductivity of PUR insulation systems
3. Technical data and requirements for piping systems in heating networks

4. System concepts for integrated piping solutions in building services engineering
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